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Radiation exposure of multi-row detector
spiral computed tomography of the pulmonary
arteries: comparison with digital subtraction

pulmonary angiography

Abstract The purpose of this study
was to determine and compare the
effective dose of multidetector com-
puted tomographic angiography
(MDCT) and digital subtraction angi-
ography (DSA) studies for diagnos-
ing a pulmonary embolus (PE). Radi-
ation exposure was measured as
computed tomography dose index
(MDCT) or as dose-area product
(DSA) and was subsequently ex-
pressed in the quantity effective dose.
Effective doses were obtained in

27 patients who underwent MDCT
and in 12 patients who underwent
DSA for suspected PE. The MDCT
angiography was performed on a Sie-
mens Volume Zoom CT scanner and
DSA on a Philips Integris V-3000
system according to standardized
protocols. Average effective dose for

MDCT angiography of the pulmonary
arteries (27 patients) was 4.2 mSv
(range 2.2-6.0 mSv). Pulmonary
DSA gained an average effective
dose (12 patients) of 7.1 mSv (range
3.3-17.3 mSv). Our results show that
the effective doses in MDCT angiog-
raphy studies for PE are moderate
and even slightly lower in compari-
son with pulmonary DSA in a com-
parable patient group. Variations in
patient dose are smaller for MDCT,
probably because this procedure can
be more strictly protocolized. Patient
dose should not be restrictive in the
discussion of CTA replacing DSA for
diagnosing PE.
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Introduction

Spiral computed tomography angiography (CTA) of the
pulmonary arteries is rapidly gaining acceptance as a
useful diagnostic test for suspected pulmonary embolism
(PE). As a noninvasive and quick procedure, it can de-
tect or rule out PE by direct imaging of the intra-vascular
clot [1, 2, 3]. In addition, CTA can provide the alterna-
tive diagnosis to explain signs and symptoms in those
patients that have no PE [4, 5]. The diagnostic value of
spiral CT is likely to improve with the introduction of
the new multi-row detector technology. Multi-row De-
tector spiral CT (MDCT), when compared with conven-
tional single-row detector spiral CT (SDCT), allows the
use of much thinner imaging sections (e.g., 1 vs 3 mm)
which will improve the visualization of smaller vascular

detail [5, 6] (and also, as it seems, of small isolated sub
segmental PE [7], currently the Achilles’ heel of spiral
CT [3]). Furthermore, MDCT can cover during a single
breathhold the entire thorax instead of the more limited
area that can be covered by SDCT, typically from the top
of the diaphragm to the top of the aortic arch.

With the advent of MDCT, concern has been raised
about radiation exposure. It is feared that the combina-
tion of using multiple high-resolution, high-quality thin
imaging sections for a large area of coverage will lead to
unacceptably high radiation dose to the patient. Rational
discussion of this topic, however, is hampered by a lack
of quantitative dosimetric data.

To address this issue, we calculated effective dose for
spiral CT of the pulmonary arteries. This was done for the
current imaging protocol on an MDCT scanner. These
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data were compared with the radiation exposure for the di-
agnostic examination that spiral CT for PE is most likely
to replace, i.e., pulmonary digital subtraction angiography.

Materials and methods

Patients

For the evaluation of patient exposure all relevant CT parameters
were registered from 27 consecutive pulmonary MDCT angiogra-
phy examinations performed ( at the Erasmus MC in the period
February to August 2000. The 27 patients (14 men, 13 women)
were aged 51.8+19 years (age range 18.3-91.4 years).

Parameters necessary for an evaluation of patient dose during
pulmonary digital subtraction angiography (DSA) were derived
from 12 consecutive examinations performed at the LUMC in the
same period. These 12 patients were aged 48+17 years (age range
17-74 years).

Imaging protocols
Multi-row detector spiral CTA of the pulmonary arteries

Patients underwent MDCT examinations on a Siemens Volume
Zoom Plus 4 scanner (Siemens, Erlangen, Germany) which uses four
parallel detector rows simultaneously. The Scanner software was
work-in-progress releases with continuous updates from version
VA20 and later. Care Dose software was not installed in this system.
Scans were made using 120 kV, the tube rotation time was 0.5 s, and
scan collimation was 4x1 mm. The entire thorax was imaged during
a single breath hold. The scan volume was reconstructed using
1.25-mm-thick slices and a reconstruction increment of 0.6 mm. This
protocol yields approximately 400 images per examination.

Pulmonary digital subtraction angiography

The standard protocol for pulmonary digital subtraction angiogra-
phy (DSA) consists of four selective injections on a DSA system
(Integris V-3000, Philips, Best, The Netherlands): Selective, unilat-
eral studies in the anterior—posterior projectional views were sup-
plemented with 30° contralateral oblique projections of each lung,
separately. The selective angiograms were obtained using a field of
view that is closely collimated around the left or right lung, respec-
tively. The tube was positioned below the table, which is in its
highest position, and the input screen of the image intensifier was
almost in contact with the patient skin. A large 31- to 38-cm input
screen was generally used with a 512x512 matrix. The acquisition
was made with a frame rate of six frames per second and 2 -s delay
to obtain multiple masks for subtraction. Image acquisition was
stopped whenever opacification of the lung veins became apparent.

Assessment of patient radiation exposure

In this study, the radiation exposure of patients is expressed in the
quantity effective dose. Effective dose is the weighted sum of
equivalent doses in 23 radiosensitive organs and tissues. The tis-
sue-weighting factors are defined by the International Commission
on Radiological Protection (ICRP) publication 60 [8]. The effec-
tive dose can be calculated for a wide variety of exposure condi-
tions, such as medical exposures, occupational exposures, or expo-
sure to natural sources of radiation. A rough quantitative estima-
tion of the radiation risk can be derived from the effective dose by
multiplication with the ICRP risk coefficients for stochastic ef-
fects, i.e., for cancer and severe hereditary effects. However, the

equivalent dose in organs and tissues cannot be measured for clini-
cal examinations of patients; therefore, equivalent doses and effec-
tive dose have to be derived from suitable operational dosimetric
quantities that can be easily measured, such as the CT dose index
(CTD], in mGy) [9] or the dose-area product (DAP, in Gy cm?)
[10]. In this study, effective dose refers to a standard patient repre-
sented by a hermaphrodite mathematical phantom (weight 71 kg,
height 1.74 m).

Multi-row detector spiral CTA of the pulmonary arteries

Effective dose was assessed by performing measurements of the
CTDI free-in-air and subsequent application of effective dose con-
version factors. Dose measurements yielded the actual normalized
CTDI free-in-air for the Siemens Volume Zoom Plus 4 CT scanner.
The measurements of CTDI were performed along the center of ro-
tation of the scanner using a calibrated Capintec CT probe, model
PC-4P, and a Keithley 35050A dosimeter. In this study we assessed
effective dose by application of the dose conversion factors of the
British National Radiological Protection Board [11] in combination
with the CT dosimetry spreadsheet for effective dose calculations
of the British ImPACT group [12]. Their CT dosimetry spreadsheet
provides a practical interface for calculations with the National Ra-
diation Protection Board (NRPB) dose conversion factors and it
also provides CT scanner matching, i.e., recent CT scanners for
which no NRPB dose conversion factors are available yet are
matched with older scanners with known conversion factors. This
CT scanner matching takes into account the differences in dose dis-
tribution due to differences in beam quality and beam shaping.

For the calculation of effective dose for the individual patients
additional information was collected, i.e., the clinical tube current
(mA; average, range), the actual anatomical landmarks of the scan
(start and end position), and the table feed (mm/rotation).

Pulmonary digital subtraction angiography

The operator’s display of the Integris V-3000 is equipped with a
DAP readout and was recorded by the radiographer after each pro-
cedure. The DAP readout was corrected with an experimentally de-
termined calibration factor [10]. Effective dose conversion factors,
i.e., effective dose normalized to DAP (mSv/Gy cm?), were derived
by means of Monte Carlo calculations with the PCXMC software
[13]. These dose conversion factors were calculated separately for
fluoroscopy and for angiography of both lungs, taking into account
the specific tube voltage, beam filtration, and projection.

Results

The mean tube charge for MDCT angiography was
124+13 mAs per rotation (range 90-160 mAs). Pitch var-
ied from 6 to 8, resulting in a table speed of 12—16 mm/s.
The Z-axis coverage varied with patient physique and
ranged from 13 to 36 cm (mean 22.6+6.0 cm). The mea-
sured normalized CTDI free-in-air for the MDCT angiog-
raphy of the pulmonary arteries was 0.20 mGy/mAs (tube
voltage 120 kVp, rotation time 0.5 s, collimation
4x1 mm), where the tube charge (mAs) is the rotation
time (s) multiplied by the actual tube current (mA). The
CTDI is expressed as absorbed dose to air.

The number of images per examination used in the
dosimetric analysis of pulmonary DSA was 183 (range
157-237), based on the average taken from 12 actual pa-
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Table 1 Effective doses for

multidetector computed tomo- Patient age Effectiﬂve Z-axis length Effective dose
graphic angiography (MDCT) (years) (mAs) (cm) (mSv)
of the pulmonary arteries in 27
consecutive patients (tube volt-  /Average 51.8 123.9 22.6 4.2
age 120 kV, rotation time 0.5 s, SD 19.0 12.9 6.0 0.8
collimation 4x1 mm) Mlnlmum 18.3 90.0 12.5 2.2
Maximum 91.4 160.0 35.6 6.0
Individual patient data
1 52.9 112 23.2 3.8
2 33.9 120 22.5 4.0
3 68.6 130 27.0 4.9
4 76.9 120 29.0 4.8
5 43.6 130 18.5 3.8
6 65.5 130 20.8 4.1
7 75.3 135 22.4 4.5
8 61.1 118 21.6 3.8
9 51.9 130 27.5 4.9
10 74.4 110 27.2 4.1
11 91.4 130 13.7 32
12 31.6 130 24.8 4.7
13 18.3 90 14.2 22
14 55.2 120 20.0 3.7
15 50.1 106 35.6 54
16 39.4 130 22.4 4.4
17 35.0 120 34.8 6.0
18 54.6 110 14.7 2.8
19 55.3 110 26.4 4.1
20 46.0 130 24.8 4.7
. - 21 69.9 135 22.5 4.5
aThe effective milliampere by 28.6 130 19.0 3.9
level is corrected for pitch, i.e., 23 69.5 130 20.9 4.1
it is the actual milliampere 24 24.9 120 13.4 29
(tube charge) divided by the 25 26.2 160 12.5 3.6
pitch (table feed per rotation 26 322 130 298 54
divided by the nominal colli- 27 67.4 130 21.6 4.2

mation width)

Table 2 Effective doses for conventional pulmonary digital sub-
traction angiography

Patient Fluoroscopy Exposures Total effective
(mSv) (mSv) dose (mSv)

Average 33 3.9 7.1
SD 35 2.3 43
Minimum 0.9 1.8 33
Maximum 13.7 9.9 17.3
Individual patient data

1 1.5 1.8 33

2 1.1 2.5 3.6

3 1.4 2.7 4.2

4 1.7 2.5 43

5 1.7 34 5.0

6 34 2.0 53

7 0.9 4.6 5.5

8 24 4.3 6.7

9 2.0 6.3 8.3
10 5.6 2.8 8.4
11 3.6 9.9 13.5
12 13.7 3.6 17.3

tient studies. The average fluoroscopy time was 8 min
(range 3-33 min).

The effective doses of the examinations under consid-
eration are provided in the Table 1 for MDCT and in
Table 2 for pulmonary DSA. Average effective dose for
MDCT angiography of the pulmonary arteries (27 pa-
tients) was 4.2 mSv (range 2.2-6.0 mSv). Pulmonary
DSA gained an average effective dose (12 patients) of
7.1 mSv (range 3.3-17.3 mSv).

Discussion and conclusion

Assessment of new modalities for X-ray imaging should
involve diagnostic accuracy as well as patient dose. This
study concentrates on patient dose during MDCT angio-
graphic examinations for PE since this aspect has been
somewhat neglected until now. Uncertainty about patient
exposure gives room for the view that MDCT angiograph-
ic studies, compared with DSA, for PE, must result in un-
acceptably high radiation dose. This concern is often ex-
pressed, but our results indicate that this is not correct.
The lack of published data on this subject can also provide
problems for medical ethics committees. They might de-
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cline studies that use CTA because of the supposed high
patient dose. This study puts the patient dose during
MDCT angiographic examinations for PE in perspective
and in case of biomedical research the medical ethics
committees should regard the level of risk for this proce-
dure as minor to intermediate (see also [14]). The require-
ments for societal benefit of such examinations that are
formulated by the ICRP are that the research will be di-
rectly aimed at the cure or prevention of disease.

It is illustrative to compare the effective dose from
MDCT angiography for PA with other exposures that are
summarized in the UNSCEAR 2000 report [15]. This
UNSCEAR report gives for example 12 mSv as a typical
value for the effective dose from all types of angiograph-
ic procedures. Typical effective doses for lung perfusion
scintigraphy (#mTc) are 1.1 and 0.2-0.4 mSv for lung
ventilation scintigraphy (%*mTc or 8!mKr). Average
worldwide exposure to natural radiation sources, ex-
pressed as an annual effective dose, is 2.4 mSv/y, with a
typical range due to regional differences of 1-10 mSv/y.
The radiation exposure of 4.2 mSv from MDCT angiog-
raphy for diagnosing PA is well within this range of ex-
posures. Being only slightly higher than the annual back-
ground and well below the exposure from conventional
angiographic (DSA) procedures, the patient dose is, be-
sides patient size and/or body mass index (BMI), also in-
fluenced by variations in study protocols and differences
in CT scanners and DSA equipment. In our study BMI
was not collected. Variations in milliamperes and effec-

tive dose are also a result of small adjustments to the
scan protocol by our technicians. They check patient size
and ability for breathhold. These more or less individual-
ized scan protocols result in better images, reduction in
motion artifacts, and dose differences [16, 17]. Especial-
ly in DSA there may be considerable variability among
centers in the protocols used. Radiation dose may be
lower than in our institution, e.g., whenever less project-
ional views are generally obtained, or whenever lower
frame rates are used. On the other hand, increased radia-
tion dose will be encountered whenever additional super-
selective injections will be made or when higher frame
rates are used, e.g., on cardiac angiography systems. The
relatively small number of patients in this study could be
considered a limitation. The variation in effective dose in
our DSA group was high; however, since the introduc-
tion of MDCT the necessity to perform DSA studies for
diagnosing PE is limited to a very small number of pa-
tients in whom MDCT is inconclusive or not possible.
Limited time made us decide to use only the patients in
the period described. We do not believe the data would
be significantly different in larger patient groups.

With the rapidly increasing use of multidetector CT
and especially the angiography and multi-phase applica-
tions, further investigation is needed to determine the
magnitude of radiation dose in these studies. The oppor-
tunity to establish strict examination protocols for CTA
helps to reduce effective dose and helps to achieve more
consistent image quality.
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